H ealthcare resource allocation refers to the distribution of healthcare resources among individuals and populations and encompasses rationing and triage (1) . Bedside rationing by a physician is the withholding "of medically beneficial service because of that service's cost to someone other than the patient" (2) .
For this systematic review, we have adopted the Values, Ethics, and Rationing in Critical Care (VERICC) Task Force definition of healthcare rationing: "the allocation of potentially beneficial healthcare services to some individuals in the face of limited availability that necessarily involves the withholding of those services from other individuals." Rationing is influenced by myriad factors, including clinical judgment, patient and family preferences, and best evidence of therapeutic efficacy.
Ethical approaches to rationing vary, from the model in which patient autonomy, beneficence, and distributive justice drive medical decision-making (3) to models of "conspicuous paternalism" (4, 5) . An American Thoracic Society statement on fair intensive care unit (ICU) resource allocation (1) indicated that when demand exceeds supply, "medically appropriate patients should be admitted on a first-come, first-served basis," based on an egalitarian principle of fair allocation of resources rather than on the "grounds of relative benefit." The concept of resource allocation on the grounds of relative medical benefit is often referred to as triaging: "the process in medicine of finding the most appropriate disposition for a patient based on an assessment of the patient's illness and its urgency" (6) .
Triage and rationing decisions are not singular events but rather are complex, multifaceted processes with important implications for clinicians, patients, researchers, health policy makers, and society. The impact of ICU bed rationing on patient outcome remains uncertain. The objective of this systematic review was to determine the impact of bed rationing on processes of care and clinically important outcomes among patients referred for admission to an ICU.
METHODS
Search Strategy. We searched MEDLINE (1966 -2003) , CINAHL (1966 CINAHL ( -2003 , Ovid Healthstar (1975 Healthstar ( -2003 , EMBASE (1980 EMBASE ( -2003 , Cochrane Library , and Scisearch (1980 -2003) using these terms: acute or intensive or intermediate and care and ration or allocation or resource or triage. We searched the related articles feature of PUBMED and hand-searched references and meeting abstracts from 1990 to 2003 (American Thoracic Society, American College of Chest Physicians, Society for Critical Care Medicine, and the ESICM). We reviewed personal files and wrote to experts and first authors to identify other published or unpublished studies. We had no language restrictions.
Study Selection Criteria. Citations considered potentially relevant by either of two reviewers (TS or KK) were retrieved. The follow- a Patients too well and expected not to derive any benefit from ICU admission; b prioritization of patients based on perceived magnitude of benefit from ICU admission and admission based on threshold of benefit to bed availability; c patient too sick to benefit from ICU regardless of bed situation.
ing inclusion criteria were applied: a) adult Ͼ16 yrs, and seriously ill patients considered for admission to an ICU bed (medical, surgical, trauma, neurologic, or mixed ICU; intermediate care unit, high-dependency unit, or stepdown unit); b) retrospective or prospective cohort; c) rationing of ICU beds based on reduced bed availability or triaging of patients referred for admission; and d) any outcome including severity of illness scores, length of stay, or mortality rate. To focus on clinical decision making in ICUs, we excluded studies using a) cost-effectiveness as the only outcome; b) scoring systems or protocols to make rationing or triage decisions; or c) rationing or triaging studies of coronary care units. In duplicate and independently, two of us applied these criteria to the full articles. Disagreements were resolved by consensus. Data Abstraction and Study Quality. Independently and in duplicate, two of us abstracted data on study, patient, and ICU characteristics and on outcomes. We abstracted variables associated with refusal for ICU admission and with hospital mortality. The primary outcome was the effect of rationing or triaging on mortality rate. Differences were resolved by consensus.
We developed a quality assessment form to critically appraise these studies (7, 8) . A priori, we considered it important to adjust for at least two of the following: patient age, illness severity, and staff or bed shortages. We contacted authors when key data were unclear or not reported.
Data Synthesis. We classified the studies as Type 1, studies comparing patients admitted to an ICU and those refused an ICU bed during a single time period (triaging studies with two group comparisons); Type 2, studies comparing patients admitted during a minimum of two different periods of time, at least one of which had reduced bed availability (rationing bed studies with two group comparisons); and Type 3, studies of patients either admitted or refused admission during a single period of bed shortage (single cohort studies).
Data Analysis. We measured crude agreement between reviewers regarding study selection, data abstraction, and quality assessment. We report proportions and percentages, means and standard deviations or standard errors, medians and interquartile ranges, and odds ratios (OR), and 95% confidence intervals (CI).
Because of study heterogeneity, we performed both qualitative and quantitative analyses (8) . For the study by Sprung et al. (9), we combined the mortality rate of patients admitted later and those not admitted to the ICU to represent the mortality rate of patients not initially admitted to the ICU, as the authors did for their regression analysis.
To evaluate the mortality rate of patients refused ICU admission, we summarized data using a random effects model (10) . We tested for statistical heterogeneity using a chi-square test (11) . Statistical calculations and graphical analyses were performed using SPSS software, version 11.0 (SPSS, Chicago, IL). Tests of significance were two-tailed, and p Ͻ .05 was considered significant.
A priori, we specified that three factors may influence hospital mortality rate and may explain heterogeneous results among the studies comparing patients admitted to an ICU and those refused an ICU bed (triaging studies). First, we performed a sensitivity analysis comparing studies with a total quality score greater than or equal to vs. less than the median total score. In addition, we compared studies examining confounders of mortality rate to those that did not. We hypothesized that studies of lower quality (lower total score and those not examining confounding) would find a greater difference in mortality rate between admitted and refused patients. Second, we compared studies in which Ն40% of the admitted cohort were surgical patients to those in which Ͻ40% were surgical. We hypothesized that the risk of mortality would be greater in studies with a greater proportion of medical patients in the refused cohort. Third, we compared studies conducted before and after 1995, hypothesizing that we would find no difference in the mortality rates between admitted and refused cohorts.
RESULTS
Study Selection. We identified 227 citations; 211 were excluded since they did not fulfill inclusion criteria (n ϭ 130) or they fulfilled exclusion criteria because they were economic evaluations (n ϭ 29), used risk factors or severity scores to allocate beds (n ϭ 39), evaluated decision tools (protocols, guidelines, algorithms) for rationing or triage (n ϭ 12), or were conducted exclusively in the coronary care unit (1). Of 16 potentially relevant citations, ten observational studies satisfied all criteria ( Fig. 1) (12) . Agreement for selecting abstracts was 96.5% and selecting full articles was 100%. Study Characteristics. We report study characteristics in Table 1 and ICU characteristics and bed availability in Table 2. One study was conducted in Canada (13) , three in the United States (14 -16), two in Israel (9, 17) , one in France (18) , one in Hong Kong (19) , one in Sweden (20) , and one in the United Kingdom (21) . The funding source was reported in four studies (15, 16, 19, 20) .
Five studies compared cohorts of patients either admitted to ICU or refused ICU admission (triaging studies) (9, 14, 17, 19, 21) , three studies compared patients admitted to an ICU (13, 16, 20) during periods of variable ICU bed availability (rationing studies), one study included patients refused ICU admission during a period of bed closure (18) (single cohort study), and in one study a cohort of patients studied was admitted to the ICU during a period of bed closure (15) (single cohort study).
Four studies stated that in the event of bed shortages they encouraged the use of official policies to make decisions: a) Society of Critical Care Medicine ICU admission recommendations (18), b) out-ofhospital patient transfers (19), c) "first come first served" policy (17) , and d) within-hospital patient transfers (14) . One study had no official policy (20) ; five did not report a policy (9, 13, 15, 16, 21) . For studies reporting the physician making the rationing or triage decisions, it was the intensivist in six studies (14, (17) (18) (19) (20) (21) , the ICU senior resident in one (15) , and either the intensivist or the senior resident in another (9) . Our crude agreement was 98.2% for data abstraction.
Methodological Quality. The median [9] No specific official policy. Metcalfe et al. (1997) [21] NR Friso-Lima et al. (1994) [17] Officially: "first come first served." In practice postoperative and trauma patients received priority due to limited capacity of recovery room. When ICU full, patient not admitted regardless of condition. General indications for admission and discharge as per Critical Care Society Task Force recommendations. Patients obviously moribund were not admitted. Marshall et al. (1992) [14] Hospital policy encouraged cooperation between ICUs for the purposes of triage so no critically ill patient would be diverted or transferred to another hospital if any ICU bed was available within the institution. methodological quality score of these studies was 3 (interquartile range, 2-4; Table 3 ). Five studies identified a priori potential confounders in their studies (15, (17) (18) (19) 21) . Three performed adjusted analyses for mortality (9, 17, 21) . Of the ten studies, seven scored Ն3 (9, 14, 15, (17) (18) (19) (20) . Our crude agreement on study quality was 92.4%.
Triaging Studies
In Table 4 , we present patient characteristics for the five triaging studies (9, 14, 17, 19, 21) , which compared patients admitted to ICU and those refused an ICU bed. There was variability in the case mix, severity of illness, and proportion of patients refused ICU admission. The proportion of patients refused ICU admission was 16 -51%. None of the studies reported the do-not-resuscitate status of patients or indicated when triage decisions were made (day or night, or day of the week). Three of the studies determined factors associated with refusal to admit patients. These included age (9, 17, 19) , illness severity (19) , and medical diagnosis (9, 17) .
Four of the five studies reported unadjusted hospital mortality rate (9, 17, 19, 21) (Table 5 ) and were included in the quantitative analysis of unadjusted mortality rate comparing patients admitted to ICU and those refused ICU admission (total n ϭ 1,778). For patients refused ICU admission, compared with those admitted, the pooled OR for mortality was 3.04 (95% CI, 1.49, 6.17), although results were heterogeneous (p Ͻ .001, Table  5 , Fig. 2) . Following sensitivity analysis, three studies with quality scores Ն3.0 (9, 17, 19) (total n ϭ 1,133) demonstrated an increased risk of mortality in patients refused ICU admission (pooled OR, 4.07; 95% CI, 2.38, 6.97; Fig. 2 ). Differences in methodological quality, population (surgical vs. medical), and year of the study did not explain the heterogeneity. Variables associated with increased mortality rate included greater age, higher Acute Physiology and Chronic Health Evaluation II score, and medical status (9, 17, 21) . Study summaries are available upon request.
Rationing Beds Studies
Three studies compared patients admitted to the ICU (15) (16) 20) during periods of differing bed availability, whereas one study (13) compared patients admitted to the ICU before and after closure of the intermediate care unit (Table 6 , rationing studies). None of the studies collected data on patients not admitted to the ICU or reported do-not-resuscitate status. Strauss et al. (15) In Table 7 , we report study outcomes. During bed shortages, two studies (15, 20) documented a reduced ICU length of stay, whereas one (13) documented reduced hospital length of stay. The percentage of patients with ICU length of stay Ͻ3 days was significantly higher during the year of reduced bed availability in the study by Singer et al. (16) .
Studies of Patients Refused ICU Admission
In this multiple-center cohort study (18) , only 25% of patients for whom admission was requested were considered futile. Refusals were made either when the ICU was full or during phone-triage for 71% of patients. Society for Critical Care Medicine recommendations were more likely adhered to following bedside patient examination by the intensivist than during phone-triage and when the ICU was not full compared with full. Factors associated with ICU refusal were age Ͼ65 yrs, poor performance status, underlying malignancy (associated with multiple-system organ failure or terminal metastatic disease), and chronic respiratory or cardiac failure.
DISCUSSION
In this systematic review, we summarized studies assessing the effects of patient triage and ICU bed rationing on processes of care and patient outcomes. Factors associated with refused admission included advanced age, high illness severity, medical diagnosis, poor performance status, and bed shortages. These studies indicate that patients triaged and refused ICU admission largely because of a perceived minimum potential to benefit from critical care had a three-fold higher risk of hospital mortality compared with those admitted. In contrast, studies comparing patients admitted to the ICU (13, 15, 16, 20) during periods of reduced compared with usual bed availability showed that during periods of bed shortage, more seriously ill patients were admitted overall, and fewer patients were admitted for monitoring. In two studies (15, 16) , when fewer beds were available, acuity of illness was higher at the time of discharge, with ICU length of stay shorter. Bed shortages did not appear to influence ICU readmission rates and mortality rates. These studies suggest that physicians ration ICU beds during times of decreased availability without increasing readmission or mortality rate by using different admission and discharge thresholds. However, these observational studies preclude conclusions about whether patients who were refused admission to an ICU bed were actually denied treatment that would have been beneficial. This review suggests that several factors are used to triage patients when the ICU is full, such as age, illness severity and complexity, and admitting diagnosis; these factors are consistent with stated attitudes, although their relative importance is unclear. In a survey of 600 clinicians about the distribution of ICU resources, 12% stated that age should limit admission; most indicated that quality of life, probability of hospital survival, acute illness reversibility, and comorbidities were important considerations when triaging (22) . Professional society ICU admission guidelines (1, 6, (23) (24) (25) have not been formally evaluated for their effect on outcomes and may not be used in practice. For example, during bed shortages and phone triage, intensivists followed fewer recommendations than other times (18) . Further research is warranted to assess the merit of telephone triage, outof-ICU consults, and ICU admission guidelines.
Reduced bed availability may result in premature, untimely discharge. For example, one study found a significant increase in ICU night discharges in 1995-98 compared with 1988 -90 (26) . Night discharges were associated with a greater case-mix adjusted hospital mortality rate compared with daytime discharges (OR, 1.33; 95% CI, 1.06 -1.65). Premature initially unplanned discharge due to bed shortages was more common nocturnally and associated with an increased mortality rate (OR, 1.35; 95% CI, 1.10 -1.65). Mortality rate was not significantly increased after adjustment for premature discharge.
Insufficient healthcare resources require that some patients who may potentially benefit from ICU cannot receive it. Alternatives to ICU admission are needed for patients who need stabilization or whose illnesses are too complex for general wards. Provision of graded levels of care may also help with the optimal utilization of critical care resources (27) . Although their cost-effectiveness has not been demonstrated (28) , intermediate care areas offer theoretical advantages for lower risk patients needing monitoring and less intense nursing care; these areas may also improve triaging, result in more appropriate use of ICU beds, and help to avoid ICU readmission (29) . The recently developed medical emergency team could serve a similar function (30 -31) .
This systematic review has several limitations. The observational design of the did not incorporate studies of scoring systems and protocols, since these are uncommonly used in practice. Strengths of this review include rigorous methods and transparent reporting (8) . We searched multiple data sources and sought non-English literature. We evaluated validity of the primary studies and conducted both qualitative and quantitative syntheses when appropriate. Because of the potential for spurious results of meta-analyses of observational studies (32) and since there is no consensus on how to proceed if qualitative but not quantitative heterogeneity exists among studies (8, (33) (34) (35) , we presented a qualitative summary of the studies, in addition to a summary estimate of hospital mortality rate for patients refused ICU admission. Due to this heterogeneity, results should be interpreted cautiously (32) (33) .
CONCLUSION
Although our systematic review provides some insights into the effects of bed rationing and patient triage, questions remain. In practice, intensivists make the majority of triaging and rationing decisions a priori, acting as gatekeepers. Rationing decisions can result in the admission or discharge of a group of patients with a narrowing spectrum of illness severity, favoring patients of higher acuity. Although these decisions have important ramifications, they are not always objective (14) . It remains unclear how clinicians reason and ration ethically. Moreover, as the health of our aging population deteriorates, and as critical care becomes more expensive, the need to optimize triage and rationing decisions will intensify. Our scarce critical care resources underscore the need to examine triaging and rationing using policy analysis and qualitative research (36) . Although the studies in this systematic review represent the totality of the literature in this area, the observational nature, heterogeneity, moderate to poor methodological quality, and lack of succinct conclusions of the individual studies preclude strong conclusions. Additionally, the synthesis of these studies into this systematic review does not provide clear recommendations or guidance for rationing critical care resources. The medical community would ideally work toward consistent definitions for rationing and triage (37) . Higher quality studies are needed that address a) how rationing and triaging decisions are made; b) the morbidity and mortality impact on patients; and c) the public's perspective on rationing critical care beds.
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